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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (1) Water, (2) abrasives, (3) qitric acids, a nitrous acid, a hydrochloric acid, perchloric acid, a 
chloric acid, A chlorous acid, a hypochlorous acid, a boric acid, perboric acid, a sulfuric acid, a 
sulfurous acid, persulfuric acid, The ion of a phosphoric acid, phosphorous acid, hypophosphorous acid, 
a silicic acid, organic acids, and those hydro acid, or those mixture since - at least one kind of cation 
chosen from the group which consists of at least one kind of anion chosen from the becoming group, (4) 
ammonium ion, alkali-metal ion, and alkaline-earth-metal ion. The constituent for polish characterized 
by being the constituent for polish which becomes by ****** ? and the total amount of the cation of (4) 
being 0.001-0.15 mols/1. 

[Claim 2] The constituent for polish according to claim 1 whose content of abrasives is less than 40 % of 
the weight on the basis of the weight of the constituent for polish. 

[Claim 3] The constituent for polish given in either of claims 1 or 2 which is at least one kind of 
abrasives chosen from the group which abrasives become from a silicon dioxi de, an aluminum oxide, 
cerium oxide, titanium oxide, silicon nitride, a zirconium dioxide, and a manganese dioxide. 
[Claim 4] The constituent for polish given in any 1 term of claims 1-3 which is at least one kind of 
cation chosen from the group which a cation becomes from NH4+, Li+, Na+, K+ Be2+, Mg2+, and 
calcium2+. 

[Claim 5] The constituent for polish given in any 1 term of claims 1-4 whose total amount of a cation is 
0.005-0.1 mols/1. 

[Claim 6] The constituent for polish given in any 1 term of claims 1-4 whose total amount of a cation is 
0.01-0.075 mols/1. 

[Claim 7] The constituent for polish given in any 1 term of claims 1-6 whose total amounts of said anion 
are 1/2 in a mole ratio to said cation. [ 200-2 ] 



[Translation done.] 



http://ww4.ipdl.jpo.go.jp/cgi^ 8/17/04 



Page 1 of 6 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s [ 10ws t h e wor( j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable constituent for polish for surface flattening 
processing of the device wafer especially in semiconductor industry etc. about the constituent for polish 
used for polish of various industrial products, such as a semi-conductor, a photo mask, various bases for 
memory hard disks, and synthetic resin, or the member of those. 

[0002] In more detail, in polish of the silicon-dioxide film which is an insulator layer for the interlay er 
insulation film and isolation to which the CMP technique (detail postscript) is applied conventionally, 
this invention can make the polish front face excellent in the homogeneity in a wafer form, and relates to 
the constituent for polish applicable to an advanced device formation technique at the same time a big 
polish rate is obtained. 
[0003] 

[Description of the Prior Art] The so-called advance of high-tech products including a computer in 
recent years is remarkable, and the components used for this, for example, ULSI, and ****** high 
integration and improvement in the speed are being enhanced. In connection with this, as for the design 
rule of a semiconductor device, detailed-ization progresses every year, the depth of focus in a device 
manufacture process becomes shallow, and the surface smoothness required of a pattern formation side 
is becoming severe. 

[0004] Moreover, although compaction of the wire length by multilayering of a device is performed in 
order to cope with buildup of the wiring resistance by detailed-izing of wiring, the level difference on 
the formed front face of a pattern has been becoming an issue as a failure of multilayering. 
[0005] In performing such detailed-izing and multilayering, it is required in that process to perform 
flattening on the front face of a request for removing a level difference, and a spin-on glass, resist 
etchback, and other flattening methods were used as this technique until now. 

[0006] However, by such technique, although partial flattening is possible, it is in a difficult situation to 
attain global pre nari ZESHON (perfect flattening) required of a next-generation device, and flattening 
(it is called "CMP" Chemical Mechanical Polishing and the following) by mechanical 
mechanochemical-polishing processing which was, carried out and combined physical polish and 
chemical polish is examined increasingly current. 

[0007] The technical technical problem which hits carrying out flattening of the silicon-dioxide film 
which is an insulator layer for an interlayer insulation film or isolation using such a polish technique is 
raising productivity by grinding the field which carries out flattening processing at making homogeneity 
the neither more nor less and the big polish rate of the machining allowance by polish. 
[0008] Conventionally, the constituent for polish containing the basic compound chosen from fumed 
silica, water and a potassium hydroxide, ammonia, and others has been used for polish of the silicon- 
dioxide film currently used for the insulator layer for m interlayer insulation film or isolation. When 
using such a constituent for polish, a polish rate can be enlarged if the quantity of the addition of a basic 
compound is increased. 
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[0009] This is because chemical scouring is used in such polish processing. Chemical scouring will 
mean that the silicon-dioxide film becomes easy to receive clearance by polish according to the 
effectiveness of the basic compound which is a chemical polish accelerator in response to chemical 
pervasion, if the above-mentioned polish processing is taken for an example. That is, in the above- 
mentioned polish processing, by increasing the quantity of the addition of a basic compound, a chemical 
operation increases and the whole polish rate becomes large. 
[0010] 

[Problem(s) to be Solved by the Invention] However, although usually comparatively a lot of basic 
compounds are included and the polish rate of need level was maintained in the conventional constituent 
for polish which was described above as far as this invention persons get to know, in the homogeneity of 
a polished surface, it could not be made sufficiently satisfactory level, but there was still room of 
amelioration. Therefore, a constituent for polish compatible in sufficient polish rate and the 
homogeneity of a polished surface was desired. 
[0011] 

[Means for Solving the Problem] 
[Summary of the Invention] 

The constituent for polish of <summary> this invention (1) water, (2) abrasives, (3) nitric acids, A 
nitrous acid, a hydrochloric acid, perchloric acid, a chloric acid, a chlorous acid, a hypochlorous acid, a 
boric acid, Perboric acid, a sulfuric acid, a sulfurous acid, persulfuric acid, a phosphoric acid, 
phosphorous acid, hypophosphorous acid, The ion of a silicic acid, organic acids, and those hydro acid, 
or those mixture, since — at least one kind of anion chosen from the becoming group, and (4) 
ammonium ion — It is the constituent for polish which comes to contain at least one kind of cation 
chosen from the group which consists of alkali-metal ion and alkaline-earth-metal ion, and is 
characterized by the total amount of the cation of (4) being 0.001-0.15 mols/1. 

[0012] The polished surface in which the constituent for polish of <effectiveness> this invention had the 
large polish rate, and homogeneity was simultaneously excellent can be made to form. 
[0013] [Concrete explanation of invention] 

Suitable abrasives to use as abrasives in the constituent for polish of <abrasives> this invention are 
chosen from a silicon dioxide, an aluminum oxide, cerium oxide, titanium oxide, silicon nitride, a 
zirconium dioxide, and the group that consists of a manganese dioxide. 

[0014] In this invention, it has and that from which the manufacturing method of colloidal silica, fumed 
silica, and others and description differ recognizes variety existence at the silicon dioxide which can be. 
[0015] There are alpha-alumina, delta alumina, theta alumina, kappa alumina, and a different thing like 
other gestalten also in an aluminum oxide. Moreover, there are some which are called a fumed alumina 
from a manufacturing method. 

[0016] It sees in cerium oxide from a thing trivalent from the oxidation number, a tetravalent thing, and 
crystal system, and there is a thing of hexagonal system, a tesseral system, and a face-centered cubic 
system in it. 

[0017] It sees in titanium oxide from crystal system, and there is a thing of titanium monoxide, 3 
oxidization 2 titanium, a titanium dioxide, and others in it. Moreover, there are some which are called a 
filmed titania from a manufacturing method. 

[0018] Silicon nitride has alpha-silicon nitride, beta-silicon nitride, amorphous silicon nitride, and a 
different thing like other gestalten. 

[0019] A zirconium dioxide is seen from crystal system and has monoclinic system, tetragonal system, 
and an amorphous thing. Moreover, there are some which are called fumed zirconia from a 
manufacturing method. 

[0020] A manganese dioxide is seen in gestalt and has alpha-manganese dioxide, beta-manganese 
dioxide, gamma-2 manganese oxide, delta-2 manganese oxide, epsilon-2 manganese oxide, eta-2 
manganese oxide, and others. 

[0021] These things can be combined and used for the constituent of this invention at arbitration if 
needed. When combining, especially the how to combine or rate to be used are not limited. 
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[0022] The above-mentioned abrasives grind a polished surface-ed according to an operation 
[ mechanical / as an abrasive grain ]. among these, generally 5-500nm of 10-200nm of particle size of a 
silicon dioxide comes out preferably with the mean particle diameter called for from the specific surface 
area measured with the BET adsorption method, moreover, generally an aluminum oxide, a zirconium 
dioxide, titanium oxide, silicon nitride, and 10-5,000nm of 50-3,000nm of particle size of a manganese 
dioxide come out preferably with the mean particle diameter called for from the specific surface area 
measured with the BET adsorption method, furthermore, the particle size of cerium oxide is the mean 
particle diameter observed by the scanning electron microscope, and, generally comes out 50-3,000nm 
preferably 10-5,000nm. 

[0023] A polish rate becomes extremely small and is not practical if smaller than the range which there 
is a between title of the surface roughness of the ground front face being large when the mean particle 
diameter of these abrasives is large across the range shown here, or a scratch occurring, and was shown 
in reverse here. 

[0024] the content of the abrasives in the constituent for polish - criteria [ weight / of a constituent ] ~ 
carrying out less than 40 % of the weight - it comes out one to 30% of the weight more preferably 0. 1 
to 40% of the weight. If remainder has few contents of abrasives, a polish rate will become small, when 
many [ to remainder ], it becomes impossible to maintain homogeneity distribution, constituent viscosity 
may become excessive, and handling may become difficult at reverse. 

[0025] the constituent for polish of <anion> this invention - the ion of a nitric acid, a nitrous acid, a 
hydrochloric acid, perchloric acid, a chloric acid, a chlorous acid, a hypochlorous acid, a boric acid, 
perboric acid, a sulfuric acid, a sulfurous acid, persulfuric acid, a phosphoric acid, phosphorous acid, 
hypophosphorous acid, a silicic acid, organic acids, and those hydro acid, or those mixture - since - it 
comes to contain at least one kind of anion chosen from the becoming group As for these anions, it is 
common to make it generate in the constituent for polish by dissolving the acid compound which 
dissolves in water and emits the aforementioned specific anion, i.e., an acid, and its salt. Moreover, since 
a main solvent is water, the above-mentioned ion may be made to generate in this invention by 
introducing into water directly the gas-like compound which dissolves in water and emits the 
aforementioned anion, for example, hydrochloric acid gas, a sulfur dioxide, and others. 
[0026] The thing of arbitration can be used for the acid compound to be used if effectiveness of this 
invention is not spoiled. Specifically (1) nitric acid, a nitrous acid, a hydrochloric acid, perchloric acid, a 
chloric acid, a chlorous acid, A hypochlorous acid, a boric acid, perboric acid, a sulfuric acid, a 
sulfurous acid, persulfuric acid, a phosphoric acid, phosphorous acid, hypophosphorous acid, a silicic 
acid, or an organic acid (for example, a formic ac id --), for example, a carboxylic acid An acetic aoi xU. 
monochloroacetic acid, dichloroacetic acid, a trichloroacetic acid, a maleic aci d, A fumaric acid, a 
glycolic acid, a citric ac id, a malic acid, a lactic acid, a tartaric acid, a malonic acid, The ammonium salt 
of a succinic acid, a gluconic acid, a propionic acid, butanoic acid or a valeric acid, and the acid of (2) 
and (1), Hydrogen salt ** of two or more acids is mentioned for basicity among the acids of sodium salt, 
potassium salt, lithium salt, a beryllium salt, magnesium salt or a calcium salt (3), and (1). In these, 
especially hydro acid salt ** that consists of the ammonium salt of a nitric acid, a hydrochloric acid, a \ 
boric acid, a sulfuric acid, a phosphoric acid, a formic acid, an acetic acid, a trichloroacetic acid, a \ 
maleic acid, a fumaric acid, a glucohol acid, a citric acid, a malic acid, a lactic acid, a tartaric acid, a \ 
malonic acid, a succinic acid, a gluconic acid, propionic acids, and these acids and potassium salt or a 
boric acid, a sulfuric acid, a phosphoric acid, a maleic acid, a fumaric acid, a glucohol acid, a citric acid, 
a malic acid, a lactic acid, a tartaric acid, a malonic acid or a succinic acid, and ammonium ion or 
» potassium ion is desirable. These acid compounds can also be used together at a rate of arbitration. 
[0027] In the constituent for polish of this invention, although the concentration of the aforementioned 
specific anion is not limited unless the effectiveness of this invention is spoiled, it is desirable that the 
total amounts of the aforementioned specific anion are 1/2 in a mole ratio to the total amount of the 
below-mentioned cation as a relative amount with the cation mentioned later, and it is desirable that it is 
especially 1/1 . [ 200-2 ] [ 100-1 ] Although it is in the inclination for a polish rate to become large by 
increasing the quantity of the content of a specific anion, since the dispersibility of abrasives may get 
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worse when it increases too much, caution is required. 

[0028] Although it is more desirable to the constituent for polish of this invention to introduce an anion 
into the constituent for polish by using a water-soluble (soluble) acid compound from points, such as 
handling nature, it is possible to use, if dissolving into the constituent for polish is possible even if it is a 
poorly soluble compound. In other words, it is not necessary to take into consideration the acid 
compound which the ratio of the total amount of the aforementioned specific anion and the total amount 
of a cation is an amount based on the anion which is dissolving, and is not dissolving. 
[0029] The constituent for polish of <cation> this invention comes to contain a specific cation. In the 
constituent for polish of this invention, when used, these cations are the aforementioned specific anion 
or independent, and promote scouring according to an operation [ KEMKARU / as a polish 
accelerator ]. 

[0030] The cation used in this invention is at least one kind of cation chosen from the group which 
consists of ammonium ion, alkali-metal ion, and alkaline-earth-metal ion. The ion (henceforth 
"inorganic alkali ion") chosen from the group which consists of NH4+, Li+, Na+, K+, Be2+, Mg2+, and 
calcium2+ especially is desirable. Such ion is introduced into the constituent for polish by usually 
dissolving the basic compound which emits the aforementioned inorganic alkali ion into the constituent 
for polish. Although it will not be limited especially if the basic compound used here does not spoil the 
effectiveness of this invention, at least one kind of compound specifically chosen from the group which 
consists of a potassium hydroxide, ammonium hydroxide, a sodium hydroxide, a lithium hydroxide, 
hydroxylation beryllium, a magnesium hydroxide, and a calcium hydroxide is mentioned. These basic 
compounds can also be used together at a rate of arbitration. Moreover, about the above-mentioned basic 
compound, when metal ions other than the aforementioned inorganic alkali ion use the thing of very few 
high grades, since an impurity metal ion can be decreased in the constituent for polish, it is desirable. 
[003 1] the content of said cation of the constituent for polish of this invention - the whole quantity of 
the constituent for polish - receiving -- 0.001-0.15 mols/1. -- 0.01-0.075 mols [/] 0.005-0.1 mols/come 
out 1. more preferably 1. Although there is an inclination for a polish rate to become large by increasing 
the quantity of the content of said inorganic alkali ion, when many, it is in the inclination for the 
homogeneity of a polished surface to get worse. Furthermore, since the degree of amelioration to a 
polish rate etc. becomes small and may produce an economical demerit, caution is required. 
[0032] The constituent for polish of Constituent for polish> this invention makes water mix and 
distribute the above-mentioned abrasives with desired content generally, and is prepared by carrying out 
the specified quantity dissolution of the compound which emits the aforementioned specific anion 
further, and the compound which emits the aforementioned inorganic alkali ion. The method of 
distributing or dissolving these components underwater is arbitrary, for example, it agitates with a wing 
formula agitator, or it is distributed by ultrasonic distribution. Moreover, the mixed sequence foreword 
of each of these components is arbitrary, and may perform first whichever of the dissolution of 
distribution of abrasives, and an acid compound or a basic compound, and may perform both 
simultaneously. 

[0033] Moreover, on the occasion of preparation of the constituent for polish of this invention, various 
kinds of well-known additives may be added further the object which attains quality maintenance and 
stabilization of a product, the class of workpiece, processing conditions, and if needed on other polish 
processings. 

[0034] That is, the following are mentioned as a suitable example of the additive added further, 
(b) Celluloses, for example, a cellulose, a carboxymethyl cellulose, Hydroxyethyl cellulose and others, 
(b) water solubility alcohols, For example, ethanol, propanol, ethylene glycol, and others, A surface 
active agent, for example, alkylbenzene-sulfonic-acid soda, the formalin condensate of 
naphthalenesulfonic acid, (Ha) and - in addition to this - (**) - the organic poly anion system matter, 
for example, a ligninsulfonic acid salt, and polyacrylate - and -- in addition to this -- (**) - water 
soluble polymers (emulsifier), for example, polyvinyl alcohol, - and - in addition to this - a (**) 
germicide, for example, sodium alginate, - and — in addition to this . 

[0035] Moreover, although a thing is included said bottom as abrasives, an acid compound, and a basic 
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compound in addition to the abrasives contained to the constituent for polish of this invention there, an 
acid compound, and a basic compound, it is also possible to be the objects other than the application of 
abrasives or a polish accelerator, for example, to use the thing of inside to others as further additive for 
sedimentation prevention of abrasives. 

[0036] it usually comes out of the constituent for polish of this invention that pH is set to 4-10 by said 
addition of a principal component carried out. Although pH of the constituent for polish is changed by 
addition of various kinds of auxiliary additives, in order to make the effectiveness of this invention 
discover, it is desirable that pH is 4-10. Therefore, when pH of the constituent for polish shifts from the 
range of 4-10, it is desirable to add an acid or alkali and to adjust pH. Moreover, even if pH is within the 
limits of this, it is [ other being reasons, for example, the preservation stability of the constituent for 
polish, being / of a polish object / the physical properties, and ] sometimes desirable for it to be alike and 
to adjust pH more nearly further in addition to this. 

[0037] In addition, although the constituent for polish of this invention can be applied to the base 
material of arbitration, such as various industrial products, such as a semi-conductor, a photo mask, 
various bases for memory hard disks, and synthetic resin, or a member of those, it is desirable to use for 
surface flattening processing of the device wafer especially in semiconductor industry etc. 
[0038] Moreover, the constituent for polish of this invention can be prepared as a comparatively high- 
concentration undiluted solution, can carry out storage or transport, and it can also be diluted and used 
for it at the time of actual polish processing. When the above-mentioned desirable density range was 
indicated as a thing at the time of actual polish processing and it takes such operation, it cannot be 
overemphasized that it becomes a more high-concentration solution in the condition of carrying out 
storage or transport. Moreover, it is desirable to be manufactured with such a condensed gestalt from a 
viewpoint of handling nature. In addition, the concentration mentioned above indicates not the 
concentration at the time of such manufacture but the concentration at the time of an activity about the 
constituent for polish. 

[0039] The following explains the constituent for polish of this invention concretely using an example. 
[0040] In addition, this invention is not limited to the configuration of many examples explained below, 
unless the summary is exceeded. 
[0041] 

[Embodiment of the Invention] 

<the content of the constituent for polish, and preparation> - first, water was made to distribute fumed 
silica (50nm of diameters of a primary particle, 200nm of diameters of an aggregated particle), using an 
agitator as abrasives, and the slurry of 15 % of the weight of abrasives concentration was prepared. 
Subsequently, an acid compound and ammonia (basic compound) were added, and the sample of 
examples 1-8 and the examples 1-2 of a comparison was prepared so that it might become the 
concentration or the content indicated to this slurry at a table 1 . 

[0042] Here, acid concentration expresses with mol concentration the concentration of the acid 
compound dissolved in the constituent for polish, and an ammonia content expresses with mol 
concentration the total amount of the ammonia dissolved in the constituent for polish. 
[0043] The polish trial by the sample of <a polish trial> next examples 1-8, and the examples 1-2 of a 
comparison was performed. As a workpiece, the base of the 6 inch silicon wafer (outer diameter of 
about 150mm) which formed the silicon-dioxide film with the CVD method was used, and the field with 
the film of the silicon-dioxide film was ground. 

[0044] Polish was performed using the one side grinder (570mm of diameters of a surface plate). The 
scouring pad which stuck the urethane foam pad (ICmade from Rodel (U.S.)- 1000) on the nonwoven 
fabric pad (Suba400 made from Rodel (U.S.)) was stuck on the surface plate of a grinder, and it loaded 
with the wafer with the silicon-dioxide film, and ground for 3 minutes. 

[0045] Polish conditions were set to a part for /, and processing pressure force 490 g/cm2, rotating speed 
35rpm, and constituent amount-of-supply wafer rotational frequency of 150 cc 70rpm for polish. 
[0046] After polish, after sequential-washing the wafer and drying, the polish rate was found according 
to each trial by measuring 49 decreases of thickness of a wafer, i.e., the machining allowance by polish, 
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averaging it, and **(ing) by polish time amount. 

[0047] From the machining allowance of 49 points called for by the above, N-U which is the 
homogeneous valuation basis of a polished surface was calculated by the degree type. 
N-U(%) = -- {- R. (max) -R.(min)}/-- {~ R. (ave) -- x2} -- in the maximum machining allowance and 
R. (min), in the xlOO top type, the minimum machining allowance and R. (ave) express [ R. (max) ] the 
average machining allowance. 

[0048] N-U is an index showing the irregularity on the front face of a wafer by dispersion in the 
decrease of thickness generated in polish, i.e., the heterogeneity of a machining allowance, so that 
clearly also from this formula. The polished surface where the value of this N-U is larger has larger 
dispersion in the machining allowance by polish, and the polished surface where the value of N-U is 
smaller has conversely smaller dispersion in the machining allowance by polish. 
[0049] 

table 1 Ammonia The class of acid Acid compound Polish rate N-U A content Concentration [mol/1] 
[mol/1] [A part for nm/] [%] Example 1 0.0347 A nitric acid 0.0086 147 5.8 examples 2 0.0347 A 
hydrochloric acid 0.0086 151 5.6 examples 3 0.0347 sulfuric acids 0.0086 156 5.2 examples 4 0.0347 A 
phosphoric acid 0.0086 155 5.3 examples 5 0.0347 Formic acid 0.0086 153 5.6 examples 6 0.0347 
acetic acids 0.0086 151 5.8 examples 70.0347 Maleic acid 0.0086157 5. 1 example 8 0.0347 Glycolic 
acid 0.0086 154 The example 1 of 6.5 comparisons 0.3071 - -143 Example 2 of 14.7 comparisons 
0.0347- - 135 6.6 [0050] The conventional constituent for polish has a polish rate remarkably smaller 
than the result shown in a table 1 as compared with the constituent for polish of this invention, or N-U is 
remarkably inferior, and it turns out that the constituent for polish of this invention is compatible in the 
outstanding polish rate and the homogeneity of the outstanding polished surface. 
[0051] In addition, although not carried in the above-mentioned table 1, when viewing estimated the 
ground processing side used by these trials, an example and the example of a comparison were not found 
out about the surface discontinuity of a scratch and others. 
[0052] 

[Effect of the Invention] The constituent for polish of this invention has a large polish rate, and it is as 
having described above in the term of [Summary of the Invention] that the polished surface excellent in 
homogeneity can be made to form. 

[Translation done.] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the suitable constituent for polish for surface flattening 
processing of the device wafer especially in semiconductor industry etc. about the constituent for polish 
used for polish of various industrial products, such as a semi-conductor, a photo mask, various bases for 
memory hard disks, and synthetic resin, or the member of those. 

[0002] In more detail, in polish of the silicon-dioxide film which is an insulator layer for the interlayer 
insulation film and isolation to which the CMP technique (detail postscript) is applied conventionally, 
this invention can make the polish front face excellent in the homogeneity in a wafer form, and relates to 
the constituent for polish applicable to an advanced device formation technique at the same time a big 
polish rate is obtained. 
[0003] 
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PRIOR ART 



[Description of the Prior Art] The so-called advance of high-tech products including a computer in 
recent years is remarkable, and the components used for this, for example, ULSI, and ****** high 
integration and improvement in the speed are being enhanced. In connection with this, as for the design 
rule of a semiconductor device, detailed-ization progresses every year, the depth of focus in a device 
manufacture process becomes shallow, and the surface smoothness required of a pattern formation side 
is becoming severe. 

[0004] Moreover, although compaction of the wire length by multilayering of a device is performed in 
order to cope with buildup of the wiring resistance by detailed-izing of wiring, the level difference on 
the formed front face of a pattern has been becoming an issue as a failure of multilayering. 
[0005] In performing such detailed-izing and multilayering, it is required in that process to perform 
flattening on the front face of a request for removing a level difference, and a spin-on glass, resist 
etchback, and other flattening methods were used as this technique until now. 

[0006] However, by such technique, although partial flattening is possible, it is in a difficult situation to 
attain global pre nari ZESHON (perfect flattening) required of a next-generation device, and flattening 
(it is called "CMP" Chemical Mechanical Polishing and the following) by mechanical 
mechanochemical-polishing processing which was, carried out and combined physical polish and 
chemical polish is examined increasingly current. 

[0007] The technical technical problem which hits carrying out flattening of the silicon-dioxide film 
which is an insulator layer for an interlayer insulation film or isolation using such a polish technique is 
raising productivity by grinding the field which carries out flattening processing at making homogeneity 
the neither more nor less and the big polish rate of the machining allowance by polish. 
[0008] Conventionally, the constituent for polish containing the basic compound chosen from fumed 
silica, water and a potassium hydroxide, ammonia, and others has been used for polish of the silicon- 
dioxide film currently used for the insulator layer for an interlayer insulation film or isolation. When 
using such a constituent for polish, a polish rate can be enlarged if the quantity of the addition of a basic 
compound is increased. 

[0009] This is because chemical scouring is used in such polish processing. Chemical scouring will 
mean that the silicon-dioxide film becomes easy to receive clearance by polish according to the 
effectiveness of the basic compound which is a chemical polish accelerator in response to chemical 
pervasion, if the above-mentioned polish processing is taken for an example. That is, in the above- 
mentioned polish processing, by increasing the quantity of the addition of a basic compound, a chemical 
operation increases and the whole polish rate becomes large. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s \y OWS worc j w hi c h can not b e translated. 
3. In the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention] The constituent for polish of this invention has a large polish rate, and it is as 
having described above in the term of [Summary of the Invention] that the polished surface excellent in 
homogeneity can be made to form. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows t h e wor d which can not be translated. 

3 . In the drawings, any words are not translated. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, although usually comparatively a lot of basic 
compounds are included and the polish rate of need level was maintained in the conventional constituent 
for polish which was described above as far as this invention persons get to know, in the homogeneity of 
a polished surface, it could not be made sufficiently satisfactory level, but there was still room of 
amelioration. Therefore, a constituent for polish compatible in sufficient polish rate and the 
homogeneity of a polished surface was desired. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] 
[Summary of the Invention] 

The constituent for polish of <summary> this invention (1) water, (2) abrasives, (3) nitric acids, A 
nitrous acid, a hydrochloric acid, perchloric acid, a chloric acid, a chlorous acid, a hypochlorous acid, a 
boric acid, Perboric acid, a sulfuric acid, a sulfurous acid, persulfuric acid, a phosphoric acid, 
phosphorous acid, hypophosphorous acid, The ion of a silicic acid, organic acids, and those hydro acid, 
or those mixture, since - at least one kind of anion chosen from the becoming group, and (4) 
ammonium ion -- It is the constituent for polish which comes to contain at least one kind of cation 
chosen from the group which consists of alkali-metal ion and alkaline-earth-metal ion, and is 
characterized by the total amount of the cation of (4) being 0.001-0.15 mols/1. 

[0012] The polished surface in which the constituent for polish of <effectiveness> this invention had the 
large polish rate, and homogeneity was simultaneously excellent can be made to form. 
[0013] [Concrete explanation of invention] 

Suitable abrasives to use as abrasives in the constituent for polish of <abrasives> this invention are 
chosen from a silicon dioxide, an aluminum oxide, cerium oxide, titanium oxide, silicon nitride, a 
zirconium dioxide, and the group that consists of a manganese dioxide. 

[0014] In this invention, it has and that from which the manufacturing method of colloidal silica, fumed 
silica, and others and description differ recognizes variety existence at the silicon dioxide which can be. 
[0015] There are alpha-alumina, delta alumina, theta alumina, kappa alumina, and a different thing like 
/ other gestalten also in an aluminum oxide. Moreover, there are some which are called a fumed alumina 

from a manufacturing method. 

[0016] It sees in cerium oxide from a thing trivalent from the oxidation number, a tetravalent thing, and 
crystal system, and there is a thing of hexagonal system, a tesseral system, and a face-centered cubic 
system in it. 

[0017] It sees in titanium oxide from crystal system, and there is a thing of titanium monoxide, 3 
oxidization 2 titanium, a titanium dioxide, and others in it. Moreover, there are some which are called a 
fumed titania from a manufacturing method. 

[0018] Silicon nitride has alpha-silicon nitride, beta-silicon nitride, amorphous silicon nitride, and a 
different thing like other gestalten. 

[0019] A zirconium dioxide is seen from crystal system and has monoclinic system, tetragonal system, 
and an amorphous thing. Moreover, there are some which are called fumed zirconia from a 
manufacturing method. 

[0020] A manganese dioxide is seen in gestalt and has alpha-manganese dioxide, beta-manganese 
dioxide, gamma-2 manganese oxide, delta-2 manganese oxide, epsilon-2 manganese oxide, eta-2 
manganese oxide, and others. 

[0021] These things can be combined and used for the constituent of this invention at arbitration if 
needed. When combining, especially the how to combine or rate to be used are not limited. 
[0022] The above-mentioned abrasives grind a polished surface-ed according to an operation 
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[ mechanical / as an abrasive grain ]. among these, generally 5-500nm of 10-200nm of particle size of a 
silicon dioxide comes out preferably with the mean particle diameter called for from the specific surface 
area measured with the BET adsorption method, moreover, generally an aluminum oxide, a zirconium 
dioxide, titanium oxide, silicon nitride, and 10-5,000nm of 50-3,OOOnm of particle size of a manganese 
dioxide come out preferably with the mean particle diameter called for from the specific surface area 
measured with the BET adsorption method, furthermore, the particle size of cerium oxide is the mean 
particle diameter observed by the scanning electron microscope, and, generally comes out 50-3 OOOnm 
preferably 10-5,000nm. 

[0023] A polish rate becomes extremely small and is not practical if smaller than the range which there 
is a between title of the surface roughness of the ground front face being large when the mean particle 
diameter of these abrasives is large across the range shown here, or a scratch occurring, and was shown 
in reverse here. 

[0024] the content of the abrasives in the constituent for polish - criteria [ weight / of a constituent ] - 
carrying out - less than 40 % of the weight - it comes out one to 30% of the weight more preferably 0. 1 
to 40% of the weight. If remainder has few contents of abrasives, a polish rate will become small, when 
many [ to remainder ], it becomes impossible to maintain homogeneity distribution, constituent viscosity 
may become excessive, and handling may become difficult at reverse. 

[0025] the constituent for polish of <anion> this invention - the ion of a nitric acid, a nitrous acid, a 
hydrochloric acid, perchloric acid, a chloric acid, a chlorous acid, a hypochlorous acid, a boric acid, 
perboric acid, a sulfuric acid, a sulfurous acid, persulfuric acid, a phosphoric acid, phosphorous acid, 
hypophosphorous acid, a silicic acid, organic acids, and those hydro acid, or those mixture - since -- it 
comes to contain at least one kind of anion chosen from the becoming group As for these anions, it is 
common to make it generate in the constituent for polish by dissolving the acid compound which 
dissolves in water and emits the aforementioned specific anion, i.e., an acid, and its salt. Moreover, since 
a main solvent is water, the above-mentioned ion may be made to generate in this invention by 
introducing into water directly the gas-like compound which dissolves in water and emits the 
aforementioned anion, for example, hydrochloric acid gas, a sulfur dioxide, and others. 
[0026] The thing of arbitration can be used for the acid compound to be used if effectiveness of this 
invention is not spoiled. Specifically (1) nitric acid, a nitrous acid, a hydrochloric acid, perchloric acid, a 
chloric acid, a chlorous acid, A hypochlorous acid, a boric acid, perboric acid, a sulfuric acid, a 
sulfurous acid, persulfuric acid, a phosphoric acid, phosphorous acid, hypophosphorous acid,' a silicic 
acid, or an organic acid (for example, a formic acid --), for example, a carboxylic acid An acetic acid, 
monochloroacetic acid, dichloroacetic acid, a trichloroacetic acid, a maleic acid, A fumaric acid, a 
glycolic acid, a citric acid, a malic acid, a lactic acid, a tartaric acid, a malonic acid, The ammonium salt 
of a succinic acid, a gluconic acid, a propionic acid, butanoic acid or a valeric acid, and the acid of (2) 
and (1), Hydrogen salt ** of two or more acids is mentioned for basicity among the acids of sodium salt, 
potassium salt, lithium salt, a beryllium salt, magnesium salt or a calcium salt (3), and (1). In these, 
especially hydro acid salt ** that consists of the ammonium salt of a nitric acid, a hydrochloric acid, a 
boric acid, a sulfuric acid, a phosphoric acid, a formic acid, an acetic acid, a trichloroacetic acid, a 
maleic acid, a fumaric acid, a glucohol acid, a citric acid, a malic acid, a lactic acid, a tartaric acid, a 
malonic acid, a succinic acid, a gluconic acid, propionic acids, and these acids and potassium salt or a 
boric acid, a sulfuric acid, a phosphoric acid, a maleic acid, a fumaric acid, a glucohol acid, a citric acid, 
a malic acid, a lactic acid, a tartaric acid, a malonic acid or a succinic acid, and ammonium ion or 
potassium ion is desirable. These acid compounds can also be used together at a rate of arbitration. 
[0027] In the constituent for polish of this invention, although the concentration of the aforementioned 
specific anion is not limited unless the effectiveness of this invention is spoiled, it is desirable that the 
total amounts of the aforementioned specific anion are 1/2 in a mole ratio to the total amount of the 
below-mentioned cation as a relative amount with the cation mentioned later, and it is desirable that it is 
especially 1/1. [ 200-2 ] [ 100-1 ] Although it is in the inclination for a polish rate to become large by 
increasing the quantity of the content of a specific anion, since the dispersibility of abrasives may get 
worse when it increases too much, caution is required. 
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[0028] Although it is more desirable to the constituent for polish of this invention to introduce an anion 
into the constituent for polish by using a water-soluble (soluble) acid compound from points, such as 
handling nature, it is possible to use, if dissolving into the constituent for polish is possible even if it is a 
poorly soluble compound. In other words, it is not necessary to take into consideration the acid 
compound which the ratio of the total amount of the aforementioned specific anion and the total amount 
of a cation is an amount based on the anion which is dissolving, and is not dissolving. 
[0029] The constituent for polish of <cation> this invention comes to contain a specific cation. In the 
constituent for polish of this invention, when used, these cations are the aforementioned specific anion 
or independent, and promote scouring according to an operation [ KEMKARU / as a polish 
accelerator]. 

[0030] The cation used in this invention is at least one kind of cation chosen from the group which 
consists of ammonium ion, alkali-metal ion, and alkaline-earth-metal ion. The ion (henceforth 
"inorganic alkali ion") chosen from the group which consists of NH4+, Li+ Na+, K+ , Be2+, Mg2+, and 
calcium2+ especially is desirable. Such ion is introduced into the constituent for polish by usually 
dissolving the basic compound which emits the aforementioned inorganic alkali ion into the constituent 
for polish. Although it will not be limited especially if the basic compound used here does not spoil the 
effectiveness of this invention, at least one kind of compound specifically chosen from the group which 
consists of a potassium hydroxide, ammonium hydroxide, a sodium hydroxide, a lithium hydroxide, 
hydroxylation beryllium, a magnesium hydroxide, and a calcium hydroxide is mentioned. These basic 
compounds can also be used together at a rate of arbitration. Moreover, about the above-mentioned basic 
compound, when metal ions other than the aforementioned inorganic alkali ion use the thing of very few 
high grades, since an impurity metal ion can be decreased in the constituent for polish, it is desirable. _ 
[003 1] the content of said cation of the constituent for polish of this invention - the whole quantity of 
the constituent for polish -- receiving - 0.001-0.15 mols/1. 0.01-0.075 mols [ /] 0.005-0.1 mols /come 
out 1. more preferably 1. Although there is an inclination for a polish rate to become large by increasing 
the quantity of the content of said inorganic alkali ion, when many, it is in the inclination for the 
homogeneity of a polished surface to get worse. Furthermore, since the degree of amelioration to a 
polish rate etc. becomes small and may produce an economical demerit, caution is required. 
[0032] The constituent for polish of Constituent for polish> this invention makes water mix and 
distribute the above-mentioned abrasives with desired content generally, and is prepared by carrying out 
the specified quantity dissolution of the compound which emits the aforementioned specific anion 
further, and the compound which emits the aforementioned inorganic alkali ion. The method of 
distributing or dissolving these components underwater is arbitrary, for example, it agitates with a wing 
formula agitator, or it is distributed by ultrasonic distribution. Moreover, the mixed sequence foreword 
of each of these components is arbitrary, and may perform first whichever of the dissolution of 
distribution of abrasives, and an acid compound or a basic compound, and may perform both 
simultaneously. 

[0033] Moreover, on the occasion of preparation of the constituent for polish of this invention, various 
kinds of well-known additives may be added further the object which attains quality maintenance and 
stabilization of a product, the class of workpiece, processing conditions, and if needed on other polish 
processings. 

[0034] That is, the following are mentioned as a suitable example of the additive added further, 
(b) Celluloses, for example, a cellulose, a carboxymethyl cellulose, Hydroxyethyl cellulose and others, 
(b) water solubility alcohols, For example, ethanol, propanol, ethylene glycol, and others, A surface 
active agent, for example, alkylbenzene-sulfonic-acid soda, the formalin condensate of 
naphthalenesulfonic acid, (Ha) and - in addition to this - (**) - the organic poly anion system matter, 
for example, a ligninsulfonic acid salt, and polyacrylate - and - in addition to this - (**) water 
soluble polymers (emulsifier), for example, polyvinyl alcohol, - and - in addition to this - a (**) 
germicide, for example, sodium alginate, - and - in addition to this . 

[0035] Moreover, although a thing is included said bottom as abrasives, an acid compound, and a basic 
compound in addition to the abrasives contained to the constituent for polish of this invention there, an 
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acid compound, and a basic compound, it is also possible to be the objects other than the application of 
abrasives or a polish accelerator, for example, to use the thing of inside to others as further additive for 
sedimentation prevention of abrasives. 

[0036] it usually comes out of the constituent for polish of this invention that pH is set to 4-10 by said 
addition of a principal component carried out. Although pH of the constituent for polish is changed by 
addition of various kinds of auxiliary additives, in order to make the effectiveness of this invention 
discover, it is desirable that pH is 4-10. Therefore, when pH of the constituent for polish shifts from the 
range of 4-10, it is desirable to add an acid or alkali and to adjust pH. Moreover, even if pH is within the 
limits of this, it is [ other being reasons, for example, the preservation stability of the constituent for 
polish, being / of a polish object / the physical properties, and ] sometimes desirable for it to be alike and 
to adjust pH more nearly further in addition to this. 

[0037] In addition, although the constituent for polish of this invention can be applied to the base 
material of arbitration, such as various industrial products, such as a semi-conductor, a photo mask, 
various bases for memory hard disks, and synthetic resin, or a member of those, it is desirable to use for 
surface flattening processing of the device wafer especially in semiconductor industry etc. 
[0038] Moreover, the constituent for polish of this invention can be prepared as a comparatively high- 
concentration undiluted solution, can carry out storage or transport, and it can also be diluted and used 
for it at the time of actual polish processing. When the above-mentioned desirable density range was 
indicated as a thing at the time of actual polish processing and it takes such operation, it cannot be 
overemphasized that it becomes a more high-concentration solution in the condition of carrying out 
storage or transport. Moreover, it is desirable to be manufactured with such a condensed gestalt from a 
viewpoint of handling nature. In addition, the concentration mentioned above indicates not the 
concentration at the time of such manufacture but the concentration at the time of an activity about the 
constituent for polish. 

[0039] The following explains the constituent for polish of this invention concretely using an example. 
[0040] In addition, this invention is not limited to the configuration of many examples explained below, 
unless the summary is exceeded. 
[0041] 

[Embodiment of the Invention] 

<the content of the constituent for polish, and preparation> -- first, water was made to distribute fumed 
silica (50nm of diameters of a primary particle, 200nm of diameters of an aggregated particle), using an 
agitator as abrasives, and the slurry of 15 % of the weight of abrasives concentration was prepared. 
Subsequently, an acid compound and ammonia (basic compound) were added, and the sample of 
examples 1-8 and the examples 1-2 of a comparison was prepared so that it might become the 
concentration or the content indicated to this slurry at a table 1 . 

[0042] Here, acid concentration expresses with mol concentration the concentration of the acid 
compound dissolved in the constituent for polish, and an ammonia content expresses with mol 
concentration the total amount of the ammonia dissolved in the constituent for polish. 
[0043] The polish trial by the sample of <a polish trial> next examples 1-8, and the examples 1-2 of a 
comparison was performed. As a workpiece, the base of the 6 inch silicon wafer (outer diameter of 
about 150mm) which formed the silicon-dioxide film with the CVD method was used, and the field with 
the film of the silicon-dioxide film was ground. 

[0044] Polish was performed using the one side grinder (570mm of diameters of a surface plate) The 
scouring pad which stuck the urethane foam pad (ICmade from Rodel (U.S.)- 1000) on the nonwoven 
fabric pad (Suba400 made from Rodel (U.S.)) was stuck on the surface plate of a grinder, and it loaded 
with the wafer with the silicon-dioxide film, and ground for 3 minutes. 

[0045] Polish conditions were set to a part for /, and processing pressure force 490 g/cm2, rotating speed 
35rpm, and constituent amount-of-supply wafer rotational frequency of 150 cc 70rpm for polish. 
[0046] After polish, after sequential-washing the wafer and drying, the polish rate was found according 
to each trial by measuring 49 decreases of thickness of a wafer, i.e., the machining allowance by polish, 
averaging it, and **(ing) by polish time amount. 
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[0047] From the machining allowance of 49 points called for by the above, N-U which is the 
homogeneous valuation basis of a polished surface was calculated by the degree type. 
N-U(%) = - {-- R. (max) -R.(min)}/- {-- R. (ave) -- x2} -- in the maximum machining allowance and 
R (min), in the xlOO top type, the minimum machining allowance and R. (ave) express [ R. (max) ] the 
average machining allowance. 

[0048] N-U is an index showing the irregularity on the front face of a wafer by dispersion in the 
decrease of thickness generated in polish, i.e., the heterogeneity of a machining allowance, so that 
clearly also from this formula. The polished surface where the value of this N-U is larger has larger 
dispersion in the machining allowance by polish, and the polished surface where the value of N-U is 
smaller has conversely smaller dispersion in the machining allowance by polish. 
[0049] 

table 1 Ammonia The class of acid Acid compound Polish rate N-U A content Concentration [mol/1] 
[mol/1] [A part for nm/] [%] Example 1 0 V .0347 A nitric acid 0.0086 147 5.8 examples 2 0.0347 A 
hydrochloric acid 0.0086 151 5.6 examples 3 0.0347 sulfuric acids 0.0086 156 5.2 examples 4 0.0347 A 
phosphoric acid 0.0086 155 5.3 examples 5 0.0347 Formic acid 0.0086 153 5.6 examples 6 0.0347 
acetic acids 0.0086 151 5.8 examples 70.0347 Maleic acid 0.0086157 5.1 example 8 0.0347 Glycolic 
acid 0.0086 154 The example 1 of 6.5 comparisons 0.3071 - -143 Example 2 of 14.7 comparisons 
0.0347- - 135 6.6 [0050] The conventional constituent for polish has a polish rate remarkably smaller 
than the result shown in a table 1 as compared with the constituent for polish of this invention, or N-U is 
remarkably inferior, and it turns out that the constituent for polish of this invention is compatible in the 
outstanding polish rate and the homogeneity of the outstanding polished surface. 
[0051] In addition, although not carried in the above-mentioned table 1, when viewing estimated the 
ground processing side used by these trials, an example and the example of a comparison were not found 
out about the surface discontinuity of a scratch and others. 



[Translation done ] 
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m. *vm. a*^R. mm. w, iaigiL uy 

M. ffi>jyK, atS'J^R. ^8, #«§L fcitf* 

(4) r/^y&JB^y, &± 

TA^T. (4) tfD^^O^M^O. 001-0. 



WEST 



1 

im&i ] ( i ) ( 2 ) 8f»H. ( 3 ) mm. m 
mm, mm, &&mm, t&mm, mmm. dM&m 
m. *vm. m^m. mm. mm. mm. v> 
m. wv>m. &wvy®, mwl urn®, axvz 

(4) ryt^i^y, T)Vti^km,A-*y. ax 

%< t h 1 SHOH-f *y. ^T*SBf«fflffljfi«j 
•Cft-sT, (4) C7)^3fy^e** j 0. 0 0 1-0. 
1 5 qE*/U »/ Wl/TfcS Z t Jut 1 49fJ«fflffl)£ 

a < 1 1 1 sseHrottT-* , mm. 1 * 2 

fl«^JB4] H-f N Hi* . Li\ Na\ 

«r*u ^ < 1 *> 1 mann h , 1 - 

3 cot vfftjjp 1 JStfBWcogfefflfflflEiBj. 
[ft£IB5J (M^oaab^ 0. 0 0 5-0. It 
)W>) v MK**4, -4 OVvf h^i^tie 

[IMJI6] ^^>C0^**\ 0. 0 1-0. 075 
*/k/'J y »**l~4tf)Vvfiia>i Jffc 

IX, t/l'JtT- 1/2 0 0- B*5S1-6C0 
[000 1] 

[0002] zt>mL<n, *ma. mtxvcm 
pm mmmz) ammztix^z, smmm&x. 

[0003] 
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2 

KKSr-sTSTH*. 

[0004] iasuosawttisiss^sofa* 

«Mb<0»9 £ L-T ISjaft LT * T n 4 . 
[0005] ,I£>«k •? J:tf£JWfc£ff 3 

[0 0 0 6] U»L, Cil4,cO#^T'(i, SMFSrT* 

* fc fl^WWW t fcffl»£*rt»:fc X j5t y ^ = ivvwmm 
Xfci^^Jfift (Chemical Mechanical Polishing. VI 
TTCMPj two) Wm*1\hi.?&£~>X%X^ 

[ 0 0 0 7 ] icox 0 zmmtmzm^x. mmmm 
zwm?ftmcr>t:*b<?)immx'$>&rjmi£i-4 mm^ 
ymimmztzat: ->xcr>mmi*. ^mtm 

[0008] ft*. fcti*?*lt^3tfto 

tmmiz&mztix^&zffltrjm&mmiz^ y 

mmwm^tixzt:. zn* ttwmRwmtm 

[0009] zwxozmmtoxiiz&^x. it 
tmzcmmfcftmmzixx^&tziibThz. -ft^w^c 

) SMMMifctts JJE<oW»Jni*0W=t*uf. zJMk*- 
-< ^smmimmxh 1 ^mmt-^mcomm 

fc*v>3. t*^*,. JJdOBfejOXfcfc^ 

4. 

[0010] 

1 fev^rti. ilS. Jt«Kft£*<^£ttfl:3***X/C*$ 
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[00 11] 

<s^>**B3oefJSfflffi^!i!)(is ( i ) ( 2 ) m 
mm. ( 3 ) mm. mm. mm. mmmm. mmm. io 

is, jg^, yy®, m^jym, #mv>m. i-a®. 

comity. (4) ry^-^-M *y. r;^u#a 
-f:*y, fcJ:tfr7k#y±S^^#ya^&6fflfi^ 
iHf£ix&. ^=5r<fctl«ffl<0|©^^y s Sr^T** 
SfBffljffl^^t'* *>X- ( 4 ) com * y<D*g»tf 0 . 
ooi~o. 1 sw/vvhfrx-b&zt. mmt 

cooi2] <m>*wRmmmm.m$. mmm 

[0013] mwnZMMmi 

<mmtt>*w%<mmmm&Mz&\^Tmmt lx 
fcitfzBHfcTytfytf^&ssfa^jg 

[0 0 14] *milZt3\,\X. t>*>^ZZk<r)X'%&Z 30 
BMfc^SRfcli. -auAfivy^i], 7^Ah'y)J 

[00 15] BHtTVl/S-^Afcfc. a-T/l-St, 5 
e-7>\s$i~. K-7)\s$.i-. tiXlf^n 

mnmrnmizm* & & wj> s . * tmm.m*t> 7i- 

[0016] mt* »J ^Afctt, Rfl$t*^ 3il^tc7) 

.teitW&.£#fi£« £> o#j> § . 40 
[0017] UMfrf-^fcli. ISh^^^T. -HMfc 

f-*y. HBHtz-H>y. z^tf-^yfeiv^coffio 

[oo is] m-itir^mii. a-wk/rAn^ $-mc 

[oo 1 93 wtftis/uz-vm. m&m)>t>M.x. # 
w&&frt> 7j-a -rt mi ti& t,<?)i>$> so 



[0020] zmt? ytfyit. mm&sx « -z» 
ftvy#y s # -zigflr? y#y, rZM;?^ 
y. s--zKrt;-?y#y. £ -zsHt-?y#y. 77-z 

[0021] ^wmm&mzn, zht><7)i>(r>s:&m 

iz. ^{CjStTft^^-tT. ffll>S.Ii:#T-£&. 

[0022] JJE*>Bf«*Ki. Hi UT^^-^/^ 

IMi*-f*«>ttfttt, BETffiKJ:9jteLfclfc*tffi« 
*>&*»^S¥%&^tHR(c5-~5 0 0nm,jf 
£L<lil 0~2 0 0nnu K-ftT^S 

feiUflS^tvy^^Sll, BETSfclJ: OSII^L 
3tH^ffla*^*ft^>ti5T^^STHSKfc:l 0-~ 
5, OOOnra, JfiL<|J5 0-3, OOOnm.T' 

iitij: l )R&£ii!.WfB 1 f£T\ -jRfcl 0-5, 0 
OOnm, »4l.<<i5 0~-3, OOOnm, T'W. 

[0023] ^ ti ^mmmm-^wf-m^ ; tc* l 

tfh*). mz. z\Z\ l zyfil,tdmi. r )i>'h%\ikW&& 

[0024] mmmu&^cmmm^mi, m 
mnmMimi,zix. 4oaa%m mi<a 

0. l-4 01i%, J: , 9»iL<{il-3 0S4%, 

[0025] <&4*y>*w%<m&jmtmi.. m 
m. mm. mm. >mmi, mmm. wmm. <xm 
mm. t^m. m^m. mm. mm. mm. y 
ym. mvym. vmvym. trim. -mm. t$z.u 

Ztit><7)fcmmv'l*y. tfMZii^M&Wa. frh 

*)m*tih'j?ti:< t i> 1 rmn&A Jty^A, 

■C^rS. Ztt^mA *y\i. MzfflglXimcrMfe 

nm-i^y^nwrt^mt^. m. ttia 
tots, zmm-ttzt y mgmmmwz&i&z 
^&<?>mmxhz>. ttz. *%mzn^x. ±.t:m 
mifcx-hzox. y^zmmixmiicomA *y*M& 
■ti. fmrnts®. mummux, mmxx. a 

m^xtxw 

[0026] m^mit-^i. wmnim&wsh 
ftmzu. ( 1 ) mm. mm. mm. smtm. mm 
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ifiiSlL >JyBL E'JylL ftE'JyiL ^4 
BL 4fctt«ira!. «itf*/Wfy» (Mil dfB(s 
iHfis ty^nnftBg, S^nnftBL h'J^pni 
Is vw«, 77^8, /'Jn-;H, ^xyi, 

vK, rnt-*y$L S8ISL Sftttmft) , (2) 
(1) oi&^yt-^Afi, ^hy^Aje. 
sl y^Ajg. ^yj^ja. ttz 
m/v^^ o) ( 1 ) comvn* mm^2a± 
&wft>tL&. ztibwc mm. a 

&> *?SS> K®L yy$L m »BL fU^nnB 

?LBL SER. 7nyl, :m?lL 
yBL rowyl, fc«fctf£ft^B^>7y*-^ 
**£>ite#»;*A* s **v^»>» s at yy 

[0027] *%WBffiffljfiflEfttctJV^. I5IB^# 
5EO»4;fryoiB*li. *^^co^^M^^v^0 
KfeSii*^ <^6»>T;tyfcoffl*«fcLT. 
UE^^co^-f^-y^SfiA^ ffi*coB>f*ytf)iSS 
(c#flT. *;Wfcri/20 0-2r*££fc##*L 
<„ l/100-lT*4itW*fcJf*U\ 

»w * y<o*«t <r t -e»WBty** < 4r 
Ytt & - k i> h & oraawwr * & . 

fci 9 s ffi«ffl«*c»K *y£^At&<r fciU 0 

#4 l 1 mm^t^mTh -> r t w 

£$*?TI> £ fc tf^S&S: fc <r)X*fctUm\ *l <T fc s6« "Tig 

r*s« mv*£*ur. «reo«fS<?!)Bt>f*y<oft*fc 

[00 29] <RH «r 

*y fc fc fc fe % ^ fctt#»r , Bfi§te3t#J 
fc LT^S^iHtfffflfeJ: 9Bf*f»B*flHrr*«)W 
ft*. 

[0 0 3 0] *»B^feV^TfflV^*LS»>f^ytt. r 

V±mm*>frte&nfrt>WXfl&, 4«5r<fcfc 
lffi9^»>f*yTAS. NH 4 \ Li\N 
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»r^* y >r *y Sr&ajt*«*ttft^*S: wmm 

£ ti^^r v * fc or ft fifcfl*fc|R£$ ft&i ^\ £ft W 

hy^A. im\V)f7^ *^L^yy^A s 
^Ji^f ^ y zmfrz-ti <r fc *>r § a or#4 L ^. 

[003 1 ] *3%0HcOWJgfflffl^ftcOWiel©^ *y<D^ 

w*ffla«»^MKStLr. 0. 001- 

0. 15Wl)yh^ ffiL<li0. 0 0 5-0. 

iy»4L<ii. 0. 0 1-0. 0 

20 7 5 ^/i// y vh/K r * a . miUmTW mty 
nttM&mm+Z £ fcTBMWfl»f*S < =5r&«|fiitf 

"J , HBttWrf^ U y h fc 6 £ fc fc * 9f»* «0T 

as^i^r^s. 

[0032] <W«fflffl«*>*5KHOBf«fflffl«* 
tts Hft^iJecoW^smMo^^r^JctM'&L. 

^J:i^tuiao^7;^y^^y^^tBi-^'ft:^% 

30 »Bf£«»)»S*&£fct:j:ijiHit&. £ii^O|S^ 
fc"^^S:5t^fi : o'CfcJ:<. 4^H#^l«Il^tffr>rfc 

40 tr. ^a^fti^JnSl^S^tciPiTfciv^ 
[0034] ■fa*)'*, 5 fefcani*asM6o»3»af« 

ft, (a) #ffivSWJ, Wilf7;Wf;K^-tfyx;^ 
yKv-^s ^7^y yx^ygt^/i/vyy^ 

feit/^ffi. (n) *Blx|cy7^*y3RSW. M 
50 i.tfy^«yx;^yss v ^»J7^y;^«. feitJf 
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ht^77m-;k fci^Offi, (M SM#L 01*. 

ar^ym- h u & ±ut -tote. 

Unix, »f«tt. iMfc-^Hi, JtftBHEfl&ftfc IX 

mmKmmm\<7)mwu?)mx\ mum 

zb^mxbz. 10 
[0036]' *%wcomf%mm)}i±. miuz&tLft 

ommX*), pH#4~1 0b%&<?>tf%mX'2bZ>. 
pHAM-1 OcoKffl^^lJ-fixTLi-D^ Kifc 

«r;^ y s-msn l t p h £ m&& z t tmt t v \ 
ttz. pH^^oKHW^-oTt. -eoftfioas, m 

[ 0 0 3 7 3 jiWncOfflmffi&Wi. ¥$f*. 

^^pi^#«i3^,ftt fcU*ott# 4 if<offit«> 
*wt*r LTigffl-t h z t * ? wt rc-j> 6 *\ 

[ 0 0 3 8 ] *Jt. Jt^ws 

<9# t Uiijg&Bti, H^<0Sf«SPl^c0i>^t LT 

[0039] jari±. xmmmmjmtm&mK 
xmmzmwtz t nxh s . 40 

[0 04 0] ftfe, *^BJ{±. -eoDBgSIBifcvMR 
[004 1] 

fa 

[mol/1] 



00 nm) zmmzm^xMzftmitx , m%m 
jgi 5*ft%cox7y-£iist/i. iKwrNreox^y 

[ 0 0 4 2 ] £ mt&b mmmfm*m 

# LT v UMk^*»«K 1 1 ;WBBtC« Lfc<> <nxh 
& ry^-r^i^ */N8jkt-#i Lit & . 

[0043] <mmm>mz, mmm l-atsxvtt 
mmi-2<r>mmzxmmuM.^'n^tz. martot 
lxi±. cvDmizzyrMfci-jsmzimLtzej 

y-f ■ yij3y)i-A (9\W&1 5 0mm) <7)m$&£ 
[0044] mmtefrWttmm (£®I57 0mm) £ 

mibxfiit:. mmwi^&uipm^-yv <ro 

de l*±(*ll)f!Suba4 0 0)±t%}§'>l^>' 
tlvY (Rode l4t(*H)*IC-1 0 00) 

x-j\*mtjiLX3ftfmmLt:. 

[0045] fflmstttt. MJLE^4 9 0 g/c . 
^0^3 5r P m, if^M«!feflt^*l 5 0 c c 
"fxWN|IBBR7 0 r pmt Lit. 

[0046] gfSft. "^x-^SrJ«<jCc!fe^ flSlLfc 
ft. ^xwvOJBW*. -f^fc*,ifJg(cJ:^]R«:^4 9 
^SJ^L, ^^WLTSf«lBpST#-fS£tfcJ: 

[ 0 0 4 7 ] ±£fc J: 0*»fe*ifc4 9&<T> Kftft»fe, 
<**fc J: 0 Bf*BS«%-Ht«fHiaeifc'C** N - U 

Ait. 

N-U (%) = {R.(max)-R.(nin)} / {R.(ave)X 
2 > XI 0 0 

±3ttC*JV»Ts R.(wx)««b«dRft, R.(min)tijR/J^ 
ft. £fcR.(ave){i¥^JKft£3iLT^i,. 
[0048] iO^^iLB^^^i-Jt^ N-Ui:{± 
Bf »fcfc V ? T^-TS itfWWf feo * J: * x - a 

§ . £c^N-u«oiK*±§ \,wmmiib'mmz& mit 

<Wtt>r>% < . a»KN-u wffi*s/jN§ ^gf®E{ j 

[0049] 



Kfcim N-u 



(mol/1] 



II 



0.0347 
0.0347 



0.0086 
0.0086 



147 
151 



5.8 
5.6 
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mmm3 


0.0347 




0.0086 




0.0347 


v>m 


0.0086 


HJt«5 


0.0347 




0.0086 




0.0347 


if® 


0.0086 


mm 


0.0347 




0.0086 


mmws 


0.0347 




0.0086 


immi 


0.3071 






0MM2 


0.0347 
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1 0 


156 


5.2 


155 


5.3 


153 


5.6 


151 


5.8 


157 


5.1 


154 


6.5 


143 


14.7 


135 


6.6 



[ 0 0 5 0 ] m 1 tewUrtSSJ: 0 . ^*Oi9f^fflffi« 
[0051 ] ±MiZ>m l fc*5V^TS«L^*'-5fc 



[0052] 



(51>Int.Cl.« FI 

H0 1L 21/304 3 2 1 H0 1L 21/304 3 2 IP 

// G 1 1 B 5/84 G 1 1 B 5/84 A 
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